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ABSTRACT 

There is an increasing demand for  good documentation of complex 

programs; i n  par t icular ,  the b i g n  of fluwcharts:$akes a l o t  of t i m e  

and i s  a l e r a i n  on the programer. 

often neglected. This paper describes a program writ ten i n  Fortran 

t h a t  does the tiresome work of drawing t h  f l o w  chart of a program. 

The ac tua l  drawing i s  done with the  a i d  of a SC 4020 and can e a s i l y  

For these reasons, flow charts a r e  

.I_ 

be cfimge2 fcr any other p l o t t e r  device. Such a f l a w  chart  gives the 

l o g i c a l  s t ructure  of a program, e.@;., it shows the connections between 

t h e  d i f f e r e n t  parts of a program and i t s  branches. This program not 

only can be used i n  the documentation of programs, but a l s o  t o  find logical  
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I I  e r r o r s  and a l s o  t o  

s tages  of development. 

networks. 

clean up'' (reorganize) a program which i s  i n  the 

The same program can be used t o  draw PERT 
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IN’IBODUCTION 

3’ A program can be log ica l ly  described, as a set of elements A 

which contain the  instruct ions,  and a matrix C 

connections between these elements (JUQ ins t ruc t ions) .  

which gives the  
j k  

(In PERT 

terms the  elements A .  a r e  events, and the C a c t i v i t i e s . )  3ere the  

attempt i s  made t o  draw a two-dimensional picture  of the  log ica l  
3 j , i  

s t ruc tu re  of a program by disregarding the  spec i f ic  contents of the 

elements. To ge t  this p ic ture  two f ac t s  are important. 

a )  There is  a hierarchy, namely the  order b y  which the elements 

LEVEL 

are cal led.  This order would be unique i f  there  were no 

closed loops. Therefore, the f irst  aim is t o  achieve t h i s  

unique order by handling the  loops appropriately and .then 

s e t t i n g  up the  sequential  order. 

inates .  ) 

4 

(Level s t ruc ture ,  y-coord- 

Usually there  w i l l  be more than one element i s  one of these 

leve ls ,  s o  t h a t  the  task i s  now t o  s o r t  the elements i n  

such a way t h a t  there  w i l l  be as l i t t l e  crossing of connecting 

l i n e s  as possible; furthermore, similar elements shall be 

brought as close together as possible. 

x-coordinates). 

(Branch s t ructure ,  
0 

s m u c m  

, 

‘j,l = 
Given a s e t  of elements A1...An and a connecting matrix, 

= jm if element A .  c a l l s  the elements A ... A . 
J J l  J* 

j,, ,Cj,, 
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There may exist some elements f o r  which m = 0, which means that  those 

elements do not c a l l  any other elemeni;. 

end elements. 

Y'hese elements are defined as 

When the  c a l l  matrix is  given one can construct uiiqGely the  

reciprocal  "get" - matrix G 

G = j i n  which t h e  element A .  is  cal led by the elements A ... A . 
j m  

An element f o r  which m = 0 is  cal led an entry element. 

- which is defined by G = j l ,  . ., 
j , k  j ,k  

j l  J j , m  m 

DEFINITION : 

A program is defined as a s e t  of elements A ... A which a re  blocks 
1 n 
resp. G of instruct ions with the connecting matrix C 

follawing conditions are f u l f i l l e d .  

i f  the 
j , k  j ,k  

1) there  e x i s t s  one and only one en t ry  element. 

2) there  exists a t  l e a s t  one end element. 

3 )  there  e x i s t s  f o r  each element j a number m I n, such that 

( G .  

must ex is t  a t  i e a s i  oiiiilc path t o  the ent ry  poin t ) .  

there  e x i s t s  f o r  each element j a nunber m 5 n, such that 

( C .  

there  must e x i s t  a t  l e a s t  one path t o  an end element). 

n 

I n  order t o  be able  t o  achieve a unique hierarchy of the 

lm contains the  entry eler=ent (from every element there  
J ,k  

4) 

)m contains a t  l e a s t  one end element (from every element 
J ,k 

I n  the following, the elements A1...A are represented by t h e i r  sub- .- 
s c r i p t s .  

elements i n  a simple way it is u s e f i l  t o  break up the  loops s o  that the  

ca l l i ng  sequence runs only i n  one d i rec t ion .  
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DEFINITION : 

If ( C  )" has m diagonal elementx and m i s  the  f irst  number j,k 
f o r  which diagonal elements occur, then the diagonal elements form 

t h  a simple loop of m order. (One can prove that i f  one element ( C  )m 
J ,k  

is a diagonal element, then the whole s e t  of elements which are involved 

have t h e  same property. Also t h a t  the def in i t ion  with the matrix ( C  )" is 
J,k 

equivalent t o  t h i s  def ini t ion.)  If the number of diagonal elements i s  

bigger than m, then they form a multiple loop of mth order. 

DEFINITION : 

A program is cal led cyclic,  i f  it contains a t  least one loop of 

order m, 2 I; m S n - 2, and noncyclic i f  it does not contain any such 

loops. 

In order t o  handle a program as a sequential  s t ruc ture  it has t o  

be noncyclic. 

by breaking up the  loops. 

element i n  t h e  following way. 

Lemma: There exists a t  l e a s t  one element of a loop of m order 

which is  cal led by a t  least one element which is  not an element of t h i s  

loop and a l s o  a t  l e a s t  one element which c a l l s  an element, which is  not 

Therefore a cyc l ic  program has t o  be made noncyclic 

This can be done by introducing a new end 

t h  

p a r t  of the loop. 

Proof: If (C: )" has only loop elements, then any potent of 

would only have loop elements, which would contradict  ( 4 ) .  If 

is t o  have a t  l e a s t  one element which i s  not a loop element, a t  

J ,k - 

one C of a loop element has t o  have one element which is  no pa r t  of 
j ,k 

the  loop. AS (C lm and (Gj,k)m a re  equivalent i n  defining a loop  j ,k 
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For noncyclic programs, it i s  possible t o  define a unique sequential  
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t he  same arguments agply t o  the  matrix G 
j , k '  

Let A .  be an element, which is  called by an element vhich is  not a 

Then a new element A 

J 
loop element. 

and a new C 

which k is  a member of the  loop is then replaced by G 

i s  introduced (with the  name -Aj ) n i l  

G i n  = 0 is  obtained as a new end element An+l. 

n+l, k. 

n+l, k j ,k  

If possible the  same end element i s  used for  d i f f e ren t  simple 

loops which are p a r t s ' o f  a multiple loop and also f o r  loops of d i f f e ren t  

order. 

After a l l  loops a r e  broken up the program i s  no longer cycl ic .  

s t ruc tu re  cal led the  l e v e l  s t ructure .  

DEFINITIOX : 

The l e v e l  A .  of an element is  defined by: 

1) The en t ry  element. has the l e v e l  1. 

J 

2)  If an element k, which i s  ca l led  by j and other elements 

S R then $ = R. + 1. 
> i j D  J 

jl.. . j, with l eve l s  ijl,. . . 

Proof: If one element j were t o  have two d i f f e ren t  l eve l s  J?, and 

then there  must exist a l s o  a t  least one element k which c a l l s  the element 
j j 

j whose l eve l  is not uniquely defined. So that a t  least the  entry 

element can be reached and therefore the  l eve l  of the en t ry  elemgnt would 

not  be uniquely defined which contradicts 1). 
! 



- 6 -  

In the drawing of the flow charts each element is assigned a y-coord- 

inate according to .its level 

y j  = A A j  

2) BRANCHSTRU- 

After one has accomplished the hierarchial structure one has to 

sort the elements of the same level. 

picture of branch structure. 

The sorting should give a clear 

Therefore the aim is to avoid the 

crossing of lines as much as possible, which is equivalent to minimizing 

the distance between the elements. 

The elements 1, ... n, with the yl...yn and the connecting lines 
C are given. These can also be represented by S = C + G 
j ,k  j ,k  j ,k  j , k  
(S 

the elements . Given furthermore a weight fl;nction €I 

the task could be principally dzfincd 3s  

) is the matrix which contains all possible connections between 
j , k  

(y.-y ), then 
j ,k  J k 

i 

c 

j 

by varying the order in which the elements occur in each level and x 

subject to the restriction that lxj-%l 2 1 if yj = yk, where H is a 
d J,k 

c 
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weight function which gives more weight to the elements with the 

least level difference. Furthermore, elements of the same structure 

should be put together as close as possible. 

approximately in two steps: 

This task can be solved 

a) Order the elements in a level. 

b) Calculate the x-coordinates (in some crude way of linear 

programming). 

Definitions: Ordering - a) 
1. identical elements; an element j, is identical with an 

element j,, if S = s  k = 1, ... n 
j i , k  j2,k jl 

2. chain elements. An element j is a chain element if C 3 ,k 
and G contain only one element. 

j ,k  

3 .  Snj,k is the reduced S and is obtained from S by 
j ,k ,k 

a) only one of the identical elements j is retained. a d  

has the multiplicity m 
j 

b) chain elements are eliminated from S and identical 
j , k  

elemects a r e  taken out again. 
R 

j , k  in 4. The basic matrix B(l) is the matrix obtained from S 5 ,k 

which the chain elements are restored, but only one element 

for each level in a specific chain so that an appropriate 

place f o r  them can be found. To these chain elements <the 

multiplicity m has to be assigned, which corresponds to 

their appearance in the chain as identical elements. 

i 
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The sor t ing  is  done first for B(*) which i s  derived from the  two 
J,k' 

t RR 
t time reduced matrix S It gives a uniquely defined order Cor elements of 

J,k '  
This order is retained for sorting S 

j , k '  j,k' 
B 

I 
t 
I 
I 

The sor t ing  i s  done by following a path through the program. 

It i s  useful  t o  define the following numbers: 

1) a number Z .  which i s  +1 i f  j i s  reached from a lower l e v e l  

and -1, i f  j is reached from a higher l eve l .  

K .  i s  a vector which contains t hose  elements whose 

J 

2 )  J 

order i s  already determined. 

3 )  Raj and Rb a r e  vectors which give the order of an element 
j 

j .  I n i t i a l l y  Ra = n a + 1, where na is the beginning 
j j j 

of l e v e l  A 
j 

e 
and Re = n with J 

e = C % w i t h  R 2 ,g 
k j  j k R n 

i 
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If Ra - ReJ = mj the place of an elerrent is determined. 

4) d j  is  a vector, which contains the elements S 

whose l e v e l  difference is one. 

from K 
j , k  j 

5 )  m i s  the vector which gives the  mult ipl ic i ty .  

Sorting starts a t  an a r b i t r a r y  element which i s  not an only 
j 

element i n  a l eve l .  The most convenient waF i s  t o  take an element of 

t he  leve l ,  which contains the  most items, and 2 .  = 1, J1 

procedure has reached the  jth element K t he  element K 
j' j +1 i s  found 

by the following process 

is  reached from the same 
so that Kj+l 

i f  there  i s  an element K 
j a  

di rec t ion  as K where K i s  the f i r s t  element counting from the  
J 3 0  

T.m +k--- i n  nnf siirh end which fu l f i l l s  the  condition % = Z;ij . L A  L I L L L L L  L" .*.," I---- 

j o  
= -ZK. i s  taken. then Zi(j+l J 

element the first element Kj+l = S j  
KO, a 

- and Ra < cRa 
rkj+l j,a 

- 'j+l 'k 
(2)  If there  exists a % with R 

j0,Q 'k j 
0, CY 

J then Kj+l = %  
0, Q 



- 10 - 

(3 )  Furthermore, if now the so  defined K3+l is taken and there i s  

a .\ k = 1.. .,nj, so  t h a t  

The procedure i s  so destined t o  achieve the two a i m s :  

Ra I; Ra then dk Kj+l 

42 has % 
been or ig ina l ly  determined. 

has then the  'same value, as the element, from which 
j+l 

(4) The element K 

it does not appear again. 

is  then eliminated oat  of the matrix B so  t h a t  j+l 

= lie i f  yi = 
%j+rj Ra j  kj+l 

= Ra + 
j+l 

( 5 )  Re 
j+l  

1. t o  make as ra re  as  possible (by means of the vector d . )  
J 

the  crossing of l i nes  which connect elements with only 

one l e v e l  difference.  

t o  bring so  close as possible such elements which belong 

log ica l ly  together by keeping the ve r t i ca l  direct ion of the 

elimination as  long a s  possible. 

2. 

i 

! 

i 

i 
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The ac tua l  program is s t i l l  more complicated i n  de t a i l ,  but t h i s  

These d e t a i l s  i s  not e s sen t i a l  f o r  the main features described here. 

can be seen from the Fortran program. 

After t h i s  procedure has been applied t o  t h i s  basic  m t r i x  

B(*) ; it i s  repeated f o r  the matrix B") and S with the i n i t i a l  
j ,k  j ,k  

values R a Re given by the just processed basic  matrix B (2) B ( l )  

J,\ J J y k y  
respectively . 
(b)  Calculation of the x-coordinates 

After the sor t ing i s  done and every element has obtained i t s  place 

the ac tua l  calculation of the x-coordinates starts. Tnis i s  done i n  a 

r a the r  crude and simple way. The row i n  the l e v e l  4, = 4 which has max * 
the most elernents is  taken and a matrix C 

a l l  connections s t a r t i ng  from t h i s  row. 

i s  constructed which gives 
J,k 
The elements a re  ordered i n  the 

N' e e3 = 4 max - 1'"'' max + 1' sequence i n  leve ls  with e l  = 4, -' e l  = 

where N i s  the number of levels .  Inside the leve ls  a re  ordered according 
* 

The elements a re  now i n  an uniqEe order. C gives then the 
j '  j y k  

t o  Ra 

connections of elements with higher numbers t o  those with lower numbers. 

The distance between the elements i n  the 

by Raj i s  s e t  a r b i t r a r i l y  t o  one. 

row, whose order i s  given 

Assume t h a t  the x-coordinates have been determined up t o  the l e v e l  

e 

cedure. 

then the x-coardinates i n  ek+l a r e  computed by the f o l l o w i q  pro- 
k' 

If j i s  an element of t h i s  l e v e l  ek 

I 
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* 
elements i n  the C . 

j ,k  

where the order of the elements a re  given by Ra 

element then X 

If j i s  the f i r s t  
j '  

i s  s e t  a r t i f i c i a l l y  t o  -6. j -1 

* 
2) 

brought i n  with 

should there be an  end element so t h a t  C = 0, t h i s  element i s  
j , k  

x = x  + 1  
j j-1 

and if t h i s  j i s  the f irst  element i n  a l e v e l  

then 

The graphs shown are  done by a S C  4020, but  the  program can be 

If there 3 r e  easily changed for use with any other p lo t t e r  device. 

many elements the p lo t t ing  i s  done on several pages. \ I f there  i s 

more than one e n t r y  f o r  a program, an a r t i f i c i a l  e n t r y  w i t h  name I / / [  

i s  prov ided  i n  o rde r  t o  connect the var ious  e n t r i e s  o f  a progran. 

i 
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The dimension o f  the program i s  t ha t  two hundred d i f f e r e n t  elements 

can be handled and one element can be connected t o  as many as 20 

o the r  elements. The program i s  w r i t t e n  i n  Fo r t ran  I I  and conta ins 

approximately 1600 Fo r t ran  statements. 

I n  conclusion, i t  seems t h a t  t h i s  program ( i n c l u d i n g  the 

graphica l  output )  can be a very powerful t o o l  i n  documentation, 

a n a l y s i s  and cleanup o f  a program. I t  should a l s o  be o f  use f o r  

drawing o f  b i g  networks l i k e  PERT networks. 
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The same program as la, the  flow 
chart  drawn automatically i n  a 
sequent ia l  way. The "dotted" 
c i r c l e  indicates  t h e  newly introduced 
elements, which are used for breaking 
up the  loops. 
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